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INVENTION DISCLOSURE FORM 



This form is provided to permit evaluation of the patent potential of company inventions, 
and to facilitate preparation of patent applications when warranted. Please fill in each 
space as completely as possible, and use additional sheets when necessary. 

1 . Name: Todd Dickinson 



2. Date: 

3. State the Title of the Invention: Method for Improving Signal Detection from 
Microarrays 

4. Describe the invention: Use additional sheets i f necessary. Attach descriptive 
materials such as drawings, sketches, photographs, etc. which may help illustrate the 
invention. Delineate new and important features. Make sure to include both the 
preferred embodiment as presently identified, and alternative constructions, procedures or 
equivalent components which can accomplish the same result as the preferred 
embodiment. 



In The ability for any analytical system, optical or otherwise, to detect a change in signal is 

M» dictated by the background and noise associated with that signal. Exploring different 

3? ways to improve the signal to background ratio by either amplifying the signal, reducing 

ffl the background, or both, is thus a critical area of research during the development of any 

ft! type of analytical detection system. 

I! 

0 One of the primary sources of background in optical microarray systems is the intrinsic 

f. fluorescence of the array substrate. In the present Illumina arcay configuration, the 

■ 5 fluorescence of microspheres immobilized at the distal tip of the imaging fiber bundle is 

% imaged from the proximal end of the bundle. While this approach has a number of 

jj advantages, most importantly being the remote sensing capability and the ease of sample 

interface, the background of the measurement wi 11 necessarily include any fluorescence 
originating from the fiber core glass itself. Since each fiber element is its own 
waveguide, it is particularly susceptible to generating high fluorescence readings on the 
detector since the fluorescence of the glass constituents as well as any contaminants 
present at the core-clad interface will be captured and propagated down the fiber and 
measured by the detector. Conversely, if one turns the fiber around and images the bead 
array directly, the background is found to be slightly reduced (most likely due to the fact 
that the focal plane is no longer placed on the glass itself, but rather on the beads in the 
wells, and thus collection of core fluorescence is not as efficient). This effect is shown in 
Figure 1. 



5. State the primary purpose of the invention, including the need satisfied or 
problem solved by the invention: 

The purpose of the present invention is to enhance the optical signals that are collected 
from a microarray either through a unique method of increasing signal collection 
efficiency, reducing background, or a combination of both. There is a critical need for 
high sensitivity in the array field for a wide range of assays: for example, high sensitivity 
can lead to 1) improved accuracy of results, 2) a broader range of assays that can be 
performed, 3) higher throughput of assays and reduced costs due to less stringent 
requirements on sample concentration. The present invention may accomplish some of 
these results by improving the overall sensitivity (lowering the detection limit) of optical 
microarrays, and incresing the dynamic range of system, allowing quantitation over a 
larger concentration range. 
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6. Please list what you feel is the prior art: please include references, articles, talks, 
abstracts, patents, etc. which are relevant to either the state of the prior art or to the 

JjS invention. Please include dates and provide copies whenever possible: 

i'Ji 

8J Diping Che has done some similar work with other devices - no publications have been 

* made yet, but he has delivered two talks on the subject: 

'*i 

S) "A novel surface, attachment chemistry and CCD-based Imaging system for analysis of 

*- jJ genomic DN A arrays " D. Cheet. al. f Journal of Scanning Microscopies, 21(2), 63-64, 

't 1999. 

^ "Microarray chip based on comparative genomic hybridization ", D. Che, International 

Business Conference on Massively parallel DNA analysis, San Francisco, August, 1998. 

7. Are there any publications, abstracts, submitted manuscripts, talks, etc. on this 
work (either already done or in the works)? Please provide details and dates: 



None. 



8. Compare new and important features of the invention with the prior art, 
explaining why and how the invention is better: 



The present invention applies to patterned substrates, and to microsphere arrays. 



9. Please list known competitors or alternate technologies which solve the same 
problem: 

None known. 

10. Are there commercial products you envision? Please describe: 

This process could easily be incorporated into the manufacturing process of Illumina's 
Array of Arrays technology. It is likely that there are many other potential applications 
of this type of signal improvement in other types of optical analytical systems as well. 

11. What are the immediate research plans or steps to be taken: 

Repetition of experiments, and checking additional fluorescence channels for similar S/N 
improvements. 

1 2. What are the longer term research plans or steps to be taken: 

Other metal films, as well as varying thicknesses, should be explored. Metal coating 
adhesion to various polymer substrates should be investigated. Imaging systems capable 
of direct distal-end imaging need to be developed. Sample interface issues will need to 
be addressed. 



13. Earliest date and place invention was conceived, and substance of conception 
(identify people and records to support date and place, such as notebook numbers and 
pages): 

Invention was first recorded by Todd Dickinson on August 17, 1999, on page 156 of 
illumina Lab Notebook 0004 (Todd Dickinson) - idea originally conceived in July, and 
discussed with Dr. Diping Che in early August. 



It may bo possible to achieve the same benefits that coatings offer without applying 
coatings at all: this would be possible if one were able to identify or fabricate a substrate 
material (plastic or otherwise) that is opaque and reflective itself. Opaque materials such 
as many black plastics are typically accompanied by low intrinsic fluorescence levels, in 
large part due to efficient light absorption by the bulk material. Additionally, it may be 
possible to render the surface of the substrate reflective by generating or treating it in 
such a way as to create a very smooth finish. If the process of forming the wells in the 
array (whether by etching, imprinting, stamping, ablating, or other method) causes the 
bottom of the well to become less reflective by, for example, roughening the surface, it 
may be necessary to treat the array in some manner, such as a gentle, partial melting 
process, to return the glossy finish to the substrate material. 

As another method of improving signal collection from microarrays, one could 
design the well bottoms to be concave in shape, thus acting like individual micro- 
reflectors at the bottom of each well (Figure 1). This would serve two purposes: 1) re- 
directing stray excitation light back into the bead to generate additional fluorescence, and 
2) reflecting fluorescence emission from the bead back into the collection optics for 
□ improved signal collection. This is similar to the concept employed in traditional arc 

j-L lamps, where lamp output is enhanced significantly by placing a concave reflector 

(fl directly behind the arc. 
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Average Signals and Backgrounds of a Subset of 
Beads, Imaged from the Proximal and Distal Ends 



Intensity 
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Figure 1. 



In this configuration, where one no longer needs to view through the fiber one could 
that blocks the excitation light from hitting the fluorescent substrate underneath theX 



Signals and Backgrounds from Fluorescent Beads In 
Palladium-Coated vs. Uncoated MIcrowell Arrays 




□Signal 
■ Bkpnd 



Figure 2a) 



b) c) 



Figure 2. a) A comparison of signals and backgrounds from a single bead type 
(fluorescein-labclled silica) assembled in a Pd-coated vs. uncoated etched fiber array. 
Fluorescence image of beads in b) uncoated etched fiber (signal to background of 
2.47), and c) Pd-coated etched fiber (signal to background of 28.78). 

Hi For this experiment, fluorescein-labelled silica beads were loaded into two different 

0 etched fiber bundles 1 : one coated with a thin palladium film (via vapor-deposition), the 

other uncoated. The average intensities of a subset of beads and empty cores were 
measured for each fiber and graphed in Figure 2a. The results indicate a substantial 
reduction in background of the metal-coated fiber as compared to the uncoated fiber, 
resulting in a 10-fold improvement of the signal-to-background ratio. 
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i( These experiments indicate that a) metal films can provide a non-fluorescent, low- 

q background coating for array substrates that improves signal-to-background ratios, and 

g'5 that b) the film does not prevent the immobilization of microspheres into microwell 

Ul arrays. Furthermore, it is possible that similar metal or other types of coatings could be 

U applied to other substrate materials such as plastics (e.g. polycarbonate, polyamide, 

'■■D polymethyl methacrylate, polysulfone, etc.), silicon, silicones, quartz, and other 

'fi materials. It is important to note that the ability to lay down a non-fluorescent coating 

over a patterned substrate material obviates the need to use materials with intrinsically 
low fluorescence, thus broadening the scope of materials available for generating array 
platforms. 

An added benefit to coating a microarray substrate material may be more efficient signal 
collection through reflection. Provided an appropriate metal coating is chosen, it is likely 
that we can harness more of the fluorescence emitted from each bead by creating a 
reflective surface which can direct fluorescence back toward the detector. There are a 
wide array of coatings that could prove useful for this application, such as gold, silver, 
chromium, platinum, and indium tin oxide, 



This technique could be used to improve sensitivity of a wide range of assays,. including 
SNP genotyping, small molecule screening, immunoassays, enzymatic assays, and any 
other chemical or biological assay that can be performed in an optical microarray format. 
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